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Abstract 
Background: To evaluate visual disability (visual 
function), and prevalence and pattern of refractive 
errors in school-aged children (5 to 16 years old).  
Methods: A total of 45,122 children were screened. 
Visual acuity measurement, ocular motility 
evaluation, cycloplegic autorefraction, examination 
of the anterior segment and fundus were performed. 
Results: Among 45,122 subjects, majority (65.5%) 
were females. Average age was 10.5 ± 3.4 years. 
Prevalence of uncorrected and best corrected visual 
acuity 6/12 or worse in at least one eye was 3.55% 
and 0.26% respectively. Prevalence of refractive error 
in this study population was 3.3%. When all of 
children with V/A 6/12 or less were evaluated, 1.89% 
had myopia and 0.63% had hyperopia. Astigmatism 
0.50 D or greater was present in 0.76%. Myopia was 
associated with older age and female gender. Higher 
risk of myopia in children of older age was 
statistically significant. Hyperopia was inversely 
proportional with older age. Spectacles were needed 
in 3.08% children with refractive errors. 
Conclusions:  Prevalence of reduced vision is low 
in school-age children. Mostly were correctable 
refractive error,but uncorrected refractive error, 
especially myopia, was common in these children.  
Key Words: Visual Screening, Refractive Errors, 
School Aged Children 
 
Introduction 
      Ametropia (a condition of refractive error) is 
defined as a state of refraction, when parallel rays of 
light coming from infinity are focused either in front or 
behind the retina after passing through the diopteric 
power of the eye when the accommodation is at 
rest.1Childhood blindness is one of the priority in 
“Vision 2020: the right to sight”.2Two thirds of 1.4 
million blind children, live in the developing countries 
of the world and approximately 500,000 children 
become blind each year.3 It is anticipated that 2.3 
billion people worldwide have refractive errors; more 
than two thirds of which have access to ample eye 
examination and reasonable corrections, leaving 
behind 500 million people, mostly in developing 
countries with uncorrected error causing blindness 
and impaired vision.4 
     Uncorrected refractive error is the second leading 
cause of treatable blindness and the primary cause of 
visual disability among children in the world today.5-8 
In Pakistan 11.4% of the blindness is due to 
uncorrected refractive errors.9 Most of the children 
with uncorrected refractive error are asymptomatic 
and hence screening helps in early detection and 
timely interventions. Children without sight 
improving glasses is of meticulous concern in latest 
studies.10 Ocular screening programs in school aged 
children are crucial and valuable for children.11 It also 
has constructive effects on the psychosocial 
development of children.13School screening programs 
enable detection of amblyopia and its risk factors such 
as strabismus, refractive errors particularly 
anisometropia, and media opacities earlier.It facilitates 
the prophylaxis and treatment of amblyopia.11-12 
Diagnosis and treatment of amblyopia at a younger 
age may result in an enhanced and more stable 
concluding VA in association with shorter treatment 
periods, rapid improvement of VA, and better 
compliance in general with treatment regimens.11-13 
          Analysis of the prevalence and causes of visual 
impairment allows the setting up of preventive 
ophthalmologic programs that can provide more 
accurate interventions aimed at the preservation of 
visual health.14   The school-based sampling approach 
and related prevalence estimates do not correspond to 
the population of the rest of the country. This is more 
obvious in that refractive and visual acuity (VA) status 
of children attending school drastically varies from 
that of children not attending school.15 Thus, a child 
with reduced vision, especially at the level of 
blindness, could not be there at school and this may go 
ahead to underestimating the prevalence of visual 
impairment within the whole country.16  
Subjects  and Methods 
    This study was conducted in accordance with the 
Pakistan Urban Paediatric Eye Care (PUPEC) 
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programme, run by College of Ophthalmology and 
allied vision sciences (COAVS) in collaboration with 
Sight savers/standard chartered Bank in Academic 
year Jan to Dec 2013.This school-based survey on a 
cluster-based sample, was performed among children 
of junior middle schools in 89 schools from Rawalpindi 
(between ages of 5 and 16 years).  
     VA was measured by identical illuminated Snellen 
chart with E optotypes on each line at 6 meters and 
recorded as the smallest line read with one or no 
errors. The right eye was tested first and then the left, 
both with (presenting visual acuity) and without 
glasses (uncorrected visual acuity), if the child brought 
them. Lens power was measured with a lensometer.  
    The anterior segment (eyelid, conjunctiva, cornea, 
iris, pupil and lens) was examined by an 
ophthalmologist with a slit lamp. Ocular motility and 
strabismus were evaluated with a cover–uncover test 
at 0.5 and 4.0 m, and corneal light reflex was used to 
detect the degree of deviation.  Cycloplegia was 
induced with three drops of 1% cyclopentolate, 
administered 10 minutes apart. Twenty to Thirty five 
minutes after the last drop6, five consecutive refraction 
readings were obtained with an auto refractor. Pupils 
were considered fully dilated when 6 mm or greater 
dilatation was achieved, and light reflex was absent.6 
Cycloplegic refraction was performed with an 
autorefractor with calibration at the beginning of each 
day. Examination of the lens if cataract, was 
performed, after cycloplegic dilation, with a slit lamp. 
Fundus was seen with 78D lens if needed. Patients 
having a VA less than 6/6 were re-examined 3 days 
after the cycloplegia and the best-corrected VA was 
determined. Children whose vision improved with 
refractive error correction in either eye were 
prescribed and provided spectacles within 2 weeks of 
the examination. Children needing medical or surgical 
treatment were referred to the Holy Family Hospital 
for treatment. 
    Enumeration and clinical data were recorded using 
data collection forms. If uncorrected vision was <6/12 
in either eye, the child was declared to have defective 
vision (Failed visual screening). VA categories were 
defined as normal/near-normal vision (6/6 in both 
eyes), mild impairment in the better eye (> 6/12 to ≤ 
6/9), moderate impairment in the better eye (> 6/60 to 
≤ 6/12), and blindness (≤6/60 in both eyes) 
. Amblyopia was defined as best-corrected VA of 6/9 
or worse in at least one eye or at least two lines of 
interocular difference on Snellen chart without an 
apparent organic cause23.Myopia was defined as 
spherical equivalent refractive error of at least −0.50 
diopters (D) and hyperopia as +2.00 D or more. 
Astigmatism was examined at cylinder values of 0.50, 
1.00, 2.00, and greater than 2.00 D.  Children were 
considered an emmetrope if neither eye was myopic or 
hyperopic, myopic if one or both eyes were myopic 
and hyperopic if one or both eyes were hyperopic. 
 
Results 
     Out of  45,122 children,majority (65.55%) were  
females, with a female-to-male ratio of 1.90:1.The 
average age was 10.5 ± 3.4 years. (Range:5-
16).Proportion of children who failed visual screening 
(VA<6/12 in either eye) was 3.35% (Table1).Refractive 
error was analyzed in the 3.5% children with 
cycloplegic dilation in both eyes, including 504 
children in whom the pupil did not dilate fully to 6 
mm in one or both eyes. A total of 96.45% children had 
uncorrected normal/near-normal VA (⩾ 6/6) in at 
least one eye and 91 (0.2%) children with mild visual 
impairment. There were 816 children (1.81%) with 
moderate visual impairment (<6/12) in both eyes and 
1.5% of these were blind (≤6/60). At the examination, 
1.11% children were wearing spectacles. With best-
corrected VA, it was possible to further reduce 
bilateral visual impairment to 0.04% children (< 6/12). 
Accordingly, 1485 (3.3%) of the 1602 children with 
bilateral visual impairment based on uncorrected VA 
could achieve normal/near-normal vision in at least 
one eye with best correction. Spectacles were needed 
in 1390 (3.08%) children with refractive errors (Table 
2).Amblyopia was present in 43 (0.095%) of the 
children. The most common causes of amblyopia were 
anisometropia and strabismus. Strabismus was present 
in 14 (0.03%) of all children. Cataract was present in 
0.04% of all children .Other causes of reduced vision 
(0.09%) included corneal opacity, nystagmus, retinal 
disorders or unexplained causes (Table 3).  
Table 1: School Children Who Passed or Failed 
Initial Visual Screening 




6/12 VA  in 
either Eye)  
Failed Visual 
Screening (≤ 
6/12 VA in 
either Eye)  
All  45122(100%)  43611 (96.65%)  1511(3.35%)  
Male  15546(34.45%)  15037(33.32%)  509(1.13%)  
Female  29576(65.55%)  28574(63.33%)  1002(2.22%)  
      Increased frequency of myopia and decreased 
frequency of hyperopia with age (grade/level of 
school). This is most probably due to normal growth of 
the eye and also to cumulative time spent in near work 
(Table 4 & 5).Frequency of myopia in 5-10 year old 
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and 10-16 year-old children was, 0.45% and 1.44%, 
respectively. Frequency of hyperopia in 5-10 year old 
and 10-16 year-old children was, 0.4% and 0.23%, 
respectively. The increase in frequency of the myopia 
with age was statistically significant (p = .025). 
However, the frequency of hyperopia decreased 
significantly with advancing age (P < .002). The 
prevalence of myopia was found to be significantly 
higher among females compared to males (p <0.01) 
(Table 6). When cutoffs of <0.5, <2.0, and <6.0 D in 
both eyes were used to define myopia prevalence; the 
figures were 1.00%, 0.62%, and 0.26%, respectively. 
Hyperopia <2.0 D was 0.51% and >2.0D was even 
more uncommon 0.1 %( Table 7). Astigmatism of 0.5-1 
D, 1-2 D and >2 D was 0.59%.0.10% and 0.06%, 
respectively (Table 8). There was borderline 
statistically significant relationship between 
astigmatism and gender (0.48%).  
 












≤6/60 695 (1.54%)  220 (0.5%) 21 (0.05%) 
>6/60 
– 6/12 
816 (1.81%) 164 (0.4) 19 (0.04%) 
>6/12 
– 6/9 
91 (0.2%) 40 (0.09%) 77 (0.17%) 
≥6/6 43,520 (96.45%) 78 (0.17%) 45,005 (99.7%) 
All 45,122 (100%) 502 (1.11%) 45,122 (100%) 




All  Male  Female  
Refractive error  1,486 (3.3%)  497(1.1%)  989 (2.2%)  
Amblyopia 43(0.095%) 20(0.04%) 23(0.051%) 
Cataract  19 (0.04%)  5 (0.01%)  15 (0.03%)  
Strabismus  14 (0.03%)  5 (0.01%)   9(0.02%)  
Other causes 40(0.09%) 22(0.05%) 18(0.04%) 
Table 4: Relationship of age and refractive 
Errors 
Age  Myopia  Hyperopia  Astigmatism  
5– 10 Years  204 (0.45%)  178 (0.4%) 155 (0.34%) 
10–16Years 651 (1.44%) 105 (0.23%) 191 (0.42%) 
Table 5: Prevalence of myopia, hyperopia 
 and astigmatism 
Type Myopia  Hyperopia  Astigmatism  
All (% in study 
group) 
857 (1.89%)  283 (0.63%)  346 (0.76%)  
% among cases 57.7% 19.0% 23.3% 
Male  304 (0.67%)  93 (0.21%)  100 (0.22%)  
Female  553 (1.22%)  190 (0.42%)  246 (0.54%)  




All  Male  Female  
< - 0.5D  455 (1.01%)  125 (0.27%)  328 (0.73%)  
< - 2.0D  282 (0.62%)  118 (0.26%)  164 (0.36%)  
< - 6.0D  120 (0.26%)  61 (0.13%)  59 (0.13%)  
Table 7: Frequency of hyperopia grades 
Hyperopia  All  Male  Female  
< + 2.0 D  232 (0.51%)  73 (0.16%)  159 (0.35%)  
> + 2.0 D  51 (0.11%)  20 (0.04%)  31 (0.07%)  
Table 8: Frequency of astigmatism grades 
Astigmatism  All  Male  Female  
0.5 – 1  267 (0.59%)  77 (0.17%)  190 (0.42%)  
1 – 2  48 (0.11%)  14 (0.03%)  34 (0.08%)  
> 2.0  31 (0.06%)  9 (0.01%)  22 (0.05%)  
 
Discussion 
     Comprehensive comparison of refractive error 
prevalence across study reports are usually not 
possible because of different measurement methods 
and definitions. According to the World Health 
Organization informal planning meeting, in July 2000 
24.Refractive errors are accountable for more than half 
of the impaired vision in the majority of surveyed 
populations.21-23 Variation in the prevalence data from 
studies in different cities of Pakistan and even in 
different parts of the world are due to different 
operational definitions considered by investigators 
and also due to difference in demographic factors. The 
prevalence of refractive errors varies according to age, 
gender, race and geographic location.24-25 
    Children from families led by parents with senior 
levels of educational achievement, and possibly 
greater possessions may experience more demands for  
study, entailing near work, which in turn could cause 
the onset of myopia.14,16 Higher IQ scores and parental 
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myopia are associated with myopia.31 Myopia was also 
found to be coupled with every hour of near work 
reported per week (reading for contentment, studying 
outside school hours, watching television, working on 
a computer, and sewing). 14  
      It is  found that there was a shift in refractive error 
with age from hyperopia in young children (15.6% in 
5-year-olds) toward myopia in older children (10.8% in 
15-year-olds) and association of hyperopia with female 
gender.26 Amblyopia treatment is most effective when 
done early in the child’s life, usually before age 7.1 
School screening is the best way to detect amblyopia in 
school children.  
      A few (0.5%) children complained of inability to 
see the black board      clearly while 695(1.54%) 
children actually had poor distance vision. This shows 
that children may not be aware of their problem.   
Visual impairments affect a large proportion of the 
population worldwide, irrespective of age, sex, or 
ethnic group. They can be easily diagnosed, measured, 
and corrected with spectacles and other refractive 
corrections to obtain normal vision. Unless corrected, 
they cause low vision and even blindness.25 
Conclusions 
1.Visual disability in this population was not very 
common but highly correctable, and frequently 
uncorrected.  
2.Visual impairment is a common disorder in school-
aged children and refractive error was the main cause 
of visual impairment.  
3.As visual impairment can have a significant impact 
on a child’s life in terms of education and 
development, it is important that effective strategies be 
developed to eliminate this easily treated cause of 
visual impairment.  
4.Eye health screening programs are beneficial in early 
detection and proper treatment of refractive error. 
References 
1. Khurana AK. Text book of ophthalmology. 3rd Ed. New Delhi: New 
Age International Publisher; 2006:52-59 
2. World Health Organization. Global initiative for the elimination of 
avoidable blindness. Programme for the Prevention of Blindness and 
Deafness. Geneva: WHO, 1997  
3. World Health Organization. Preventing blindness in Children: report 
of WHO/IAPB scientific meeting.Prevention of Blindness.Geneva: 
WHO, 2000.  
4.  Holden BA, Sulaiman S, Knox K. The Challenge of Providing 
Spectacles in the Developing World. Journal of Community Eye 
Health. 2000; 13: 9-10.  
5. Dandona R and Dandona L. Refractive error blindness. Bull World 
Health Organ. 2001; 79:237–43  
6. Dandona R, Dandona L, Srinivas M. Refractive error in children in a 
rural population in India. Invest Ophthalmol Vis Sci.2002; 43:615–
22. 
7. Fan DS, Lam DS, Lam RF. Prevalence, incidence, and progression of 
myopia of school children in Hong Kong. Invest Ophthalmol Vis Sci. 
2004; 45:1071–75. 
8. Zhao J, Pan X, Sui R. Refractive Error Study in Children: results from 
Shunyi District. China Am J Ophthalmol. 2000;129:427– 
35. 
9. National Committee for Prevention of Blindness, Ministry of Health, 
Special Education and Social Welfare, Islamabad, Pakistan, National 
Programme for Prevention of Blindness: First five year Plan 1994-98; 
 24. 
10. Esteso P, Castanon A, Toledo S. Correction of modest amounts of 
myopia is associated with significant improvement in self-reported 
visual functioning among school-aged children in Oaxaca,Mexico. 
Invest Ophthalmol Vis Sci. 2007;48:4949–54 
11. Holmes JM, Lazar EL, Melia BM. Effect of age on response to 
amblyopia treatment in children. Arch Ophthalmol. 
2011;129:1451–57.  
12. Eibschitz-Tsimhoni M, Friedman T, Naor J. Early screening for 
amblyogenic risk factors lowers the prevalence and severity of 
amblyopia. J AAPOS. 2000;4:194–99. 
13. Koklanis K, Abel LA, Aroni R. Psychosocial impact of amblyopia and 
its treatment: a multidisciplinary study. Clin  Experiment  
Ophthalmol. 2006;34:743–50. 
14. Thylefors B, Négrel AD, Pararajasegaram R. Epidemiologic aspects of 
global blindness prevention. Curr Opin Ophthalmol. 1992; 3:824–
34. 
15. He M, Huang W, Zheng Y. Refractive error and visual impairment in 
school children in rural southern China. Ophthalmology. 
2007;114:374–82. 
16. Mutti DO, Mitchell GL, Moeschberger ML. Parental myopia, near 
work, school achievement, and children’s refractive error. Invest 
Ophthalmol Vis Sci. 2002; 43:3633–40. 
17. Ali A, Ahmad I, Ayub S .Prevalence of undetected refractive  Errors 
among school children .E:/Biomedica .2007; 23:96-101. 
18. Alam H, Siddiqui MI,  Jafri SI. Prevalence of refractive error in school 
children of Karachi. J Pak Med Assoc . 2008; 58:322-25. 
19. Rawalpindi district from Wikipedia, the free encyclopedia 1998 
census details 
20. Rawalpindi district from Wikipedia, the free encyclopedia 1998 
census details, district profile northern Punjab Rawalpindi 
21. World Health Organization, Elimination of avoidable visual disability 
due to refractive error. Report of an informal planning meeting, 
WHO/PBL/00.79 : 6-10 
22. Congdon N, Wang Y, Song Y. Visual Disability, Visual function, and 
myopia among rural Chinese secondary school children. 
Investigative Ophthalmology & Visual Science 2008; 49: 2888- 
94  
23. Caca I, Cingu AK, Sahin A. Amblyopia and refractive errors among 
school aged children with low socioeconomic status in southeastern 
Turkey. Journal of Pediatric Ophthalmology & Strabismus. 2013; 50: 
37-43  
24. World Health Organization. Geneva: WHO; 2000. Elimination of 
avoidable visual disability due to refractive errors. WHO/PBL/00 
25. Pokharel GP, Negrel AD, Munoz SR. Refractive error study in 
children: results from Mechi Zone, Nepal. Am J Ophthalmol 2000; 
129:436–44. 
 
 
 
